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© The. present invention provides a method for 
• joining of high-temperature oxide superconductors 
|(1) per se or a high-temperature oxide superconduc- 
tor (1) and other conductive material (5) through a 
very simple process. According to this method, the 
joining is carried out by using an alloy (2) compris- 
ing 0.1-90% by weight of at least one divalent metal- 
lic element and the balance as a brazing material 
and heating and melting the brazing material. The 
resulting joined body has a joint low in resistance. 
The divalent metallic element of the alloy is prefer- 
ably an element of Group IIA or IIB of the Periodic 
Table or a transition metal. 
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JOINED BODY OF HIGH-TEMPERATURE OXIDE SUPERCONDUCTOR AND METHOD OF JOINING OXIDE 

SUPERCONDUCTORS 



BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
joining high-temperature oxide superconductors, a 
brazing material for joining and a superconductor 
body joined thereby and in particular to a method 
for joining of high-temperature oxide superconduc- 
tors which is very simple in steps and can provide 
a joined body small in resistance of the joint and 
various apparatuses using the joined body. 

DESCRIPTION OF RELATED ART 

Joining of superconductors is a functional join- 
ing which requires that superconductor characteris- 
tics be not lost by joining and resistance of the 
joint at the temperature of liquid nitrogen be as 
close to 0 as possible. 

At present, joining of high-temperature oxide 
superconductors is mainly for connection of termi- 
nals in evaluation of superconductor characteristics. 

Hitherto, as the joining method which has been 
generally employed, it is known to solder the 
superconductors with indium under application of 
ultrasonic, but this method has the practical prob- 
lem that contact resistance is great. It is necessary 
to reduce the contact resistance to such an extent 
that at least heat developed by contact resistance 
is smaller than heat dissipated. On the other hand, 
the method as mentioned in AppL Phys. Lett. 52 
(21) pp 1819-1821 (1988) which comprises subject- 
ing the superconductors to sputter etching with Ar 
ion and then to vapor deposition of a noble metal 
and setting terminals thereon by wire bonding can 
considerably reduce contact resistance to 
10~ l0 fl*cm 2 . However, this method imposes limita- 
tions in size of bodies to be joined and the connec- 
tion of a lead wire and the scope of application of 
this method is also limited. Considering joining of 
high-temperature oxide superconductors for various 
applications thereof, development of the joining 
method which has no limitations in shape, size and 
material of bodies to be joined has been demand- 
ed. Especially when considering application to a 
superconductor magnet, it is essential to reduce 
contact resistance as much as possible in order to 
enhance stability by omitting quenching against 
heat developed due to resistance and besides, in 
order to make current decay as small as possible 
in case of using with mode of permanent current. 

The above conventional techniques surfer from 
the problems that in case of soldering with indium 
which is a simple method, contact resistance is 



high and in case of a vapor deposition method, 
contact resistance is low, but materials which can 
be joined with high-temperature oxide supercon- 
ductors are limited and thus this method is not 
5 suitable for joining with various materials aiming at 
various uses. 



SUMMARY OF THE INVENTION 

10 

The object of the present invention is to pro- 
vide a method for joining high-temperature oxide 
superconductors which has solved the above-men- 
tioned problems in conventional techniques and 
75 which is simple in joining steps and can reduce 
contact resistance and can provide wide uses. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a picture which shows an embodi- 
ment of Example 1 . 

Fig. 2 is a graph which shows the depen- 
dence of temperature versus contact resistivity of 
25 joint in one example of the present invention. 

Fig. 3 is a graph which shows the depen- 
dence of temperature-resistivity of a joint when the 
joint was made using indium. 

Figs. 4 and 5 are schematical cross-sectional 
30 views of embodiments of Examples 3 and 4. 

Fig. 6 is a graph which shows the depen- 
dence of current-voltage of a joint in one example 
of the present invention. 

Fig. 7 is a graph which shows the depen- 
ds dence of current-voltage of a joint when joining was 
conducted using indium. 

Fig. 8 is a block diagram of an apparatus for 
measuring Jc of high-temperature oxide supercon- 
ductors in one example of the present invention. 
40 Fig. 9 is an oblique view of a sample to 

which copper wires are connected. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

45 

The above object has been attained by using 
an alloy comprising indium hitherto used and 0.1- 
90 wt% of at least one element selected from 
divalent metallic elements of Groups HA, IIB and 
so etc. of the Periodic Table. 

That is, the present invention provides a meth- 
od for joining high-temperature oxide superconduc- 
tors, characterized by carrying out the joining by 
heating and melting, at a low temperature of 150- 
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350 "C, a brazing material which is an alloy which 
comprises 0.1-90 wt% of at least one element 
selected from metallic elements in a stable divalent 
state and the balance of indium. 

The heating and melting is preferably carried 
out by bringing an ultrasonic iron heated to a 
predetermined temperature into contact with the 
brazing material. The frequency of the ultrasonic 
iron is preferably in the range of 10-100 kHz. 
Moreover, the output is preferably in the range of 
10-1,000 W. The ultrasonic vibration is applied to 
the brazing material to obtain a high joining 
strength of the brazing material to the oxide. 

Furthermore, the present invention provides a 
brazing material for joining high-temperature oxide 
superconductors which comprises 0.1-90 wt% of at 
least one metallic element in a stable divalent state 
and the balance of indium and has a melting point 
of 1 00-300 # C. 

Moreover, the present invention provides a 
high-temperature oxide superconductor body which 
comprises high-temperature oxide superconduc- 
tors, which are joined to each other by the above 
joining method; a high-temperature oxide super- 
conductor and other conductor material which are 
joined by the above joining method; and a high- 
temperature oxide superconductor on the surface 
of which the above-mentioned brazing material for 
joining is present in contact with the surface. 

Next, the present invention will be explained in 
detail. 

Suitable metallic elements of a stable valence 
of +2 include, for example, metals having a va- 
lence of + 2 such as those of Groups IIA and MB of 
the Periodic Table and transition metal elements in 
a stable state of valence of +2. 

As the metallic elements of Group IIA is pre- 
ferred at least one element selected from Ca, Mg 
and Sr. As the metallic elements of Group IIB is 
preferred at least one element selected from Zn 
and Cd. As the transition metal elements stable in 
state of valence of +2, are preferred Mn, Fe, Co 
and Ni, and especially is preferred Ni. It is espe- 
cially effective to use Cd in an amount of 5-75 
wt%. The amount of Zn is in the range of 1-40 
wt%, preferably 2-20 wt%. 

The present invention can be applied to all of 
known oxide superconductors, and examples there- 
of are lanthanum type, yttrium type, thallium type 
and bismuth type high-temperature oxide super- 
conductors. 

The superconducting oxides used in the 
present invention may be a perovskite oxide having 
a structure of ABO3, wherein A is Ba, Pb, La, Pr or 
Nd, B is Cu, Mg, Mn, Fe, Co or Ni, or A,. x A' x B0 3 , 
wherein A and B are the same as defined above, 
and A' is Ca. Ba, Sr or Pb. such as BaPbi. x Bi x 0 3 . 
BaPb0 3 , LaCu0 3 , LaCoOs, (Lai. x Sr x )Co0 3 , (La^ 



x Sr x )Cr0 3 , (La,. x Sr x )Cr0 3 .5 or SrFeCb; a layer per- 
ovskite oxide has a structure of A 2 BO*, wherein A 
is a rare earth metal and B is a transition metal, 
such as La 2 CuO* or La 2 NiO*. or A 2 (i. X )A' 2x B04, 
5 wherein A and a' are elements of Group NIB and 
Group IIA of the Periodic Table, respectively, and B 
is a transition metal, such as (LaLxSr^CuO*. (La,. 
x Ba x ) 2 Cu04, (Y 1 . x Ba x ) 2 Cu04, (Y,. x Sr K ) 2 Cu04 or 
(Sd. x Sr x ) 2 Cu04; an oxygen-difficient perovskite 
70 layer oxide has a structure of AB 2 C 3 0 7 . x , wherein A 
is Y, La. Nd, Dy, Sm, Eu, Gd, Ho, Er, Tm or Yb, B 
is Ba, Sr, Ca or Sc and C is mainly Cu, 
YBa 2 Cu 3 0 7 . x , LnBa 2 Cu 3 0 7oo wherein Ln is a lan- 
thanoid as indicated above, YSr 2 Cu 3 0 7 . x , YBa 2 Cu 3 . 
75 x Ni x 0 7 . y , YBa 2 Cu 3 . x Ag x 0 7 . y , YBaCaCu 3 0 7 . x , 
Yo. 7 5$c 0 . 25 Ba 2 Cu 3 0 7 . x or YBa 2 Cu 3 F 2 O y ; a multilayer 
perovskite oxide has a structure of A 2 (B,C)- 
3D 2 * x Oa, wherein A is Bi or Tl, B is Ba or Sr f C is 
Ca and D is Cu. such as BUSr 3 Ca 3 Cu 4 * x Oi6 or 

20 TUBa 2 Ca 2 Cu 4 * x Oi6; and a spinel oxide has a 
structure of AB 2 0*, wherein A is Li and B is Ti, 
such as LiTi 2 04. 

The present invention can be applied to joining 
of superconductors of any shapes, but at present is 

25 applied mainly to joining of superconductor wire 
materials. Furthermore, the characteristics of super- 
conductors are measured and evaluated by joining 
terminals to superconductors according to the 
present invention. 

30 Preferred compositions of the brazing material 

of the present invention are as follows. In base 
alloys containing 15% by weight or less of Zn; In 
base alloys containing at least one of Mn, Fe, Co, 
Ni, Or, Cu and Pd in an amount of 0.5-5% by 

35 weight for one element and in an amount of totally 
- 7.5% by weight for two or more elements; prefer- 
ably 0.5-2% by weight for a single element except 
for Cu and 1 -3% by weight for two or more; and In 
base alloys containing at least one of Ca, Mg and 

40 Sr in an amount of 1-7% by weight for one element 
and in an amount of totally 2-10% by weight for 
two or more elements. Especially preferably, the 
content of Zn is 3-10% by weight, the content of 
one or two or more of Mn, Fe, Ni t and Co is 0.5- 

45 1.5% by weight, and the content of one or two or 
more of Ca, Mg and Sr is 1-5% by weight. 

The present invention uses an alloy comprising 
0.1-90% by weight of at least one element selected 
from metallic elements having a stable valence of 

so +2 and the balance of In as a brazing material for 
joining high- temperature oxide superconductors. 
Use of this brazing material makes it possible to 
obtain a joined body low in contact resistance 
between the superconductor and the brazing ma- 
ss terial. 

When In simple substance is used as a brazing 
material for joining of superconductors as in con- 
ventional techniques, softness, adherence and pro- 
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cessability of In are advantageous for wetting, but 
there is the defect of high contact resistance. It is 
presumed that this is because an oxide of indium 
is produced at the interface of joining with the 
superconductor and this reaction product acts as a s 
high resistance layer. It is considered that when the 
above metal is added to In, a crystal structure 
where a part of indium is replaced with this metal 
is obtained at the time of the indium oxide being 
formed, whereby the indium oxide which is inher- io 
ently a semiconductor close to an insulating ma- 
terial comes to have a higher electrical conductivity 
due to the effect of impurity. Indium is in the state 
of +3 in valence and so a metal having a valence 
of +2 is suitable for formation of an impurity level. ;s 
The similar effect is expected also when a metal 
having a valence of +4 is added, but reduction of 
contact resistance has not been recognized when 
an In base alloy containing Sn, Pb. or the like is 
used. It is also considered that elements having a 20 
valence of +2 are advantageous for having some 
interaction with high-temperature oxide supercon- 
ductors including YBa2Cu3 0 7 ^ when the constitut- 
ing elements other than oxygen are in the states of 
+ 2 and +3 in valence. 25 

Melting point of the In base alloy used here 
can be adjusted to 300 *C or lower by proper 
selection of a proportion of elements added and 
thus joining at a relatively low temperature is possi- 
ble and hence the characteristics of a supercon- 30 
ductor is not damaged by heating at joining. Fur- 
thermore, for the above-mentioned reasons, the 
step for joining is very simple and besides there 
are nearly no limitations in the shape and size of 
bodies to be joined. 35 

For the reasons that joining is conducted at a 
lower temperature (the melting point of an alloy 
used should be 100-300* C, considering that the 
brazing temperature is higher than the melting 
point by about 50 - C and that a melting point of 40 
lower than 100*C causes problems in joining abil- 
ity) and that the characteristics of In should be 
retained, it is proper to select proportion of metals 
to be added within the range of 0.1-90% by weight 
depending on respective metallic elements. If the 45 
amount of the metal is less than 0.1% by weight, 
the effect of addition cannot be recognized owing 
to too small an addition amount and if it is more 
than 90% by weight, the melting point of the alloy 
increases and besides wettability to superconduc- so 
tor is very poor. 

According to the present invention, in the case 
of joining between a high-temperature oxide super- 
conductor and other material, the joint has a very 
low contact resistivity of less than several ten 55 
uQ'cm 2 and besides joining can be accomplished 
through the very simple step. Since there are no 
limitation in size and shape of samples to be joined 



and in addition, joining can be performed at a low 
temperature, the present invention can be applied 
to joining of high-temperature oxide superconduc- 
tors per se and joining of the superconductor with 
metals or other ceramics and thus the present 
method has a wider scope of applications than 
conventional low resistance joining methods. 

Moreover, in the present invention, develop- 
ment of heat due to contact resistance is controlled 
to a lower level and so applicable current value 
increases in case of superconductor magnet used 
in magnets for a high magnetic field, MRI and the 
like and stability of the magnets is also improved. 
Furthermore, the present method makes it possible 
to obtain measured values close to the true value 
in evaluation of characteristics of superconductors 
such as Jc value. 

The present invention will be illustrated in de- 
tail by the following examples. 

Example 1 

One example of the present invention is ex- 
plained in comparison with a conventional example. 

As shown in Fig. 1, a 75 wt% In - 25 wt% Cd 
alloy 2 was placed on a strip-like YBa2Cu30 7 ^ 
superconductor 1 of 15 mm in length, 4 mm in 
width and 1 mm in thickness and the superconduc- 
tor was brazed with a copper wire 4 by heating and 
melting the solder by bringing the solder into con- 
tact with an ultrasonically vibrating iron 3 heated to 
180* C under application of untrasonic wave. The 
brazing thickness was about 1 mm. Thus, a joined 
body of YBa2Cu30 7 ^ and a metal was obtained. 
Joining with clean metal surface was obtained by 
application of ultrasonic wave to the soldering iron. 

Resistance of the joint was measured to obtain 
a temperature-resistivity curve as shown in Fig. 2. 
Joining was conducted in the same manner as 
above using In which has been hitherto used and 
contact resistance was measured. The results are 
shown in Fig. 3. Comparison of these results shows 
that the curve of Fig. 3 shows the behavior like 
semiconductor, namely, contact resistance in- 
creased with decrease in temperature and resistiv- 
ity at 77* K was 7400 ufl*cm 2 while the curve of 
Fig. 2 of the present invention shows nearly the 
same behavior as of resistance curve of supercon- 
ductor and resistivity at 77* K was 37.5 uQ'cm 2 . 

That is, according to this Example, a joined 
body in which resistance of joint of superconductor 
is low can be very easily obtained. The contact 
resistivity was able to be reduced to about 1/200 of 
resistivity when joining was conducted using In. 

Example 2 
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A 98 wt% In - 2 wt% Zn alloy was placed on a 
YBa 2 Cu30 7 .s superconductor of 15 mm in length, 4 
mm in width and 1 mm in thickness and brazing of 
the superconductor with a copper wire was carried 
out by heating to 200* C under application of ultra- 
sonic. Contact resistance of the resulting joined 
body was measured to find that temperature-re- 
sistivity curve showed the same behavior as 
temperature-resistivity curve of superconductor as 
in Example 1 and contact resistivity at 77* K was 
80.2 uCTcm 2 . 

Example 3 

As shown in Fig. 4, two ribbon-like wire materi- 
als 1 (with Ag sheath) of YBa 2 Cu 3 0 7 .$ of 100 mm 
in length, 7 mm in width and 0.1 mm in thickness 
were butted at their cross-sections obliquely cut 
and a 75 wt% In - 25 wt% Cd alloy foil 2 was 
inserted between these two wire materials. Further- 
more, the above indium alloy 6 or indium 6 was 
placed in such a manner that it sandwiched the 
butted portion from both sides and the materials 
were joined by heating to 180* C. At the time when 
the brazing material was molten, a slight pressure 
was applied to increase adherence. In this way, a 
joined body of the superconductors per se was 
obtained. Critical current density of this joined wire 
was measured to obtain Jc = 740 A/cm 2 . Critical 
current density of the ribbon-like material before 
joining was Jc = 800 A/cm 2 and it was seen that 
reduction of Jc due to joining was small. 

A superconductor coil was made from this 
joined wire. Furthermore, a superconductor magnet 
was made using this coil. A stable magnet was 
obtained with nearly the same characteristics as 
those of magnet made of a coil which had no joint. 
This superconductor magnet can be applied to 
linear car, accelerator, power storage, and so on. 

The oxide superconductor wire obtained by 
joining with the brazing material of the present 
invention can be used as a coil for a rotor and 
stator of a rotator, coil for storage of energy, coil 
for a magnet of a nuclear fusion apparatus, cable 
for power transmission and distribution, coil for a 
transformer, coil for an accelerator, coil for a mag- 
net of MRI and NMR, coii for an electron micro- 
scope, coil for a magnet of an atomic absorption 
spectrometer, coil for a rotor and stator of an 
electric motor of a tram car, automobile, elevator, 
and escalator and coil for a magnet of a mag- 
netically levitated car. 

Fig. 5 shows a joint on both exposed end flat 
areas from which the sheaths were removed, while 
the joint was made at the ends in Example 3. The 
joining was carried out in the same manner as in 
Example 3. The procedures has such merits that 



the joint can be made on a greater area. 
Example 5 

5 

As shown in Example 4, the end of a supercon- 
ductor wire was exposed by removing a sheath and 
a copper wire was connected to the exposed end. 
A 99 wt% In - 1 wt% Ni alloy was placed at the 

to end cross-section part of a ribbon-like material 
(with Ag sheath) of YBa 2 Cu 3 0 7 .s of 100 mm in 
length, 7 mm in width and 0.1 mm in thickness and 
this was brazed with a copper wire by heating the 
alloy to 180*C under application of ultrasonic. 

75 Thus, joined body of a YBa 2 Cu 3 0 7 ^ super conduc- 
tor wire material and a metallic wire was obtained. 
Critical current density of this joined body was 
measured to find that Jc value was nearly the 
same as that of the superconductor material before 

20 joining as in Example 3 and that there is no pos- 
sibility of breakage of superconduction owing to 
resistance at the joint. 



25 Example 6 

A 75 wt% In - 25 wt% Cd alloy was placed on 
a strip-like Bi 2 Sr 2 Ca2Cu3 0 x superconductor of 15 
mm in length, 4 mm in width and 1 mm in thick- 
30 ness and this superconductor was brazed with a 
copper wire by heating to 180*C under application 
of ultrasonic in the same manner as in Example 1. 
Joint area was 4 mm 2 and brazing thickness was 
about 1 mm. Thus, a joined body of 
35 Bi 2 Sr 2 Ca 2 Cu30 x superconductor and a metal was 
obtained. Current-voltage characteristics 
(hereinafter referred to as "V-l characteristics") of 
the joint at 77* K and contact resistance were mea- 
sured to obtain a current-voltage curve as shown in 
40 Fig. 6. For comparison, similar joining was con- 
ducted using In and V-l characteristics were mea- 
sured. The results are shown in Fig. 7. In Fig. 7, 
the curve is upwardly convex and shows behavior 
of semiconductor which deviates from Ohm's low 
45 according to which current and voltage are in pro- 
portion and resistivity at 77* K was 32,100 uH'cm 2 . 
On the other hand, as can be seen from Fig. 6, 
when the method of the present invention was 
employed, the curve is downwardly convex, name- 
so ly, a curve of superconductor and resistivity at 
77* K was 300 ufl'cm 2 , which was about 1/100 of 
the resistivity when In was used. 



55 Example 7 

A 75 wt% In - 25 wt% Cd alloy was placed on 
a strip-like YBa 2 Cu30 7 .5 of 15 mm in length, 4 mm 
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in width and 1 mm in thickness and the supercon- 
ductor was brazed with copper wires by heating to 
180 # C under application of ultrasonic in the same 
manner as above to obtain four copper wire termi- 
nals as shown obliquely in Fig. 9. Terminals of both 
outer sides were used as current terminals and the 
inside two terminals were used as voltage termi- 
nals. Critical current density Jc was measured by 
using an apparatus as shown in Fig. 8. Current 
terminal 1 1 was connected to the positive side of a 
direct current source through a shunt resistor (or 
standard resistor) and terminal 14 was directly con- 
nected to the negative side. Voltage terminals 12 
and 13 were connected to positive and negative 
terminals of a digital multimeter, respectively. For 
display of results of measurement, an X-Y recorder 
was used. The terminal of X side of the X-Y re- 
corder was connected in parallel to the shunt resis- 
tor and the terminal of Y side was connected in 
parallel to the digital multimeter. The Jc of this 
sample at liquid nitrogen temperature (77 " K) and 
in a magnetic field of 0 was 1,250 A/cm 2 . For 
comparison, terminals were formed using In as a 
brazing material on the same sample and the same 
measurement was conducted. The joint area was 
nearly the same as for both the samples. The Jc of 
this comparative sample was 160 A/cm 2 which was 
about 1/8 of that of the sample of the present 
invention. This is because contact resistance be- 
tween superconductor and In is great and hence 
breakage of superconducting state due to develop- 
ment of heat occurs with lower current. Therefore, 
there is a problem in measuring true Jc value. On 
the other hand, it is possible to obtain measured 
value of high reliability by conducting evaluation of 
superconductor characteristics using the joining 
method and the brazing material of the present 
invention. Moreover, the fact that formation of ter- 
minals is simple is very important in evaluation of 
superconductor characteristics which is conducted 
at any time during development of superconduc- 
tors. 



Example 8 

Copper wires were joined to the same super- 
conductor as used in Example 6 in the same 
manner as in Example 6 using a 75 wt% Cd - 25 
wt% In alloy as a brazing material. The current 
density of this joined body was measured to obtain 
the similar value to that in Example 6. 



Claims 

1. A high-temperature oxide superconductor (1) 
on the surface of which is formed an alloy (2) 



comprising 0.1-90% by weight of at least one diva- 
lent metallic element and the balance of indium. 

2. A high-temperature oxide superconductor 
wire which comprises high-temperature oxide 

5 superconductor wires (1) per se or a high-tempera- 
ture oxide superconductor wire (1) and a metal wire 
(5) which are joined by an alloy (5) comprising 0.1- 
90% by weight of at least one divalent metallic 
element and the balance of indium. 

io 3. A method for joining high-temperature oxide 

superconductors (1) which comprises carrying out 
the joining by heating and melting an alloy (2) 
comprising 0.1-90% by weight of at least one diva- 
lent metallic element and the balance of indium as 

75 a brazing material at 150-350* C. 

4. A method according to claim 3, wherein the 
divalent metallic element is an element of Group 
IIA or MB of the Periodic Table or a transition metal. 

5. A method according to claim 3, wherein the 
20 alloy (2) comprises 5-75% by weight of cadmium 

and the balance of indium. 

6. A brazing material for joining of high-tem- 
perature superconductors (1) which comprises an 
alloy (2) comprising 0.1-90% by weight of at least 

25 one divalent metallic element and the balance of 
indium and has a melting point of 1 00-300 " C. 

7. A brazing material according to claim 6, 
which comprises an alloy (2) comprising 5-75% by 
weight of cadmium and the balance of indium. 

30 8. A joined body which comprises high-tem- 

perature oxide superconductors (1) per se or a 
high-temperature oxide superconductor (1) and oth- 
er conductor materials (5) which are joined by the 
brazing material (2) of claim 6 or 7. 

35 9. A method for measurement of characteristics 

of high-temperature oxide superconductors (1) to 
which a device for the measurement is joined by 
the brazing material (2) of claim 6. 

10. A device which comprises an oxide super- 

40 conductor wire (1 ) joined by the brazing material of 
claim 6 to a coil for a rotor or stator of a rotator, a 
coil for storage of energy, coil for a plasma con- 
tainer of a nuclear fusion apparatus, a cable for 
power transmission and distribution, a coil for a 

45 transformer, a coil for an accelerator, a coil for a 
magnet of MRI, a coil for a magnet of NMR, a coil 
for an electron microscope, a coil for a magnet of 
an atomic absorption spectrometer, a coil for a 
magnet of a linear motor car, or a coil for a rotor or 

so stator of motors of various traffic facilities. 
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